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The present study aimed to investigate the clinical characteristics and 1-year outcomes 
of acute myocardial infarction (AMI) patients without significant stenosis on a coronary 
angiogram comparison with the clinical characteristics and outcomes of patients with 
significant coronary artery stenosis. A total of 1,220 patients with AMI were retro- 
spectively classified into Group I (^50% diameter stenosis, n=l,120) and Group II 
( < 50%, n=100). Group II was further divided into two subgroups according to the un- 
derlying etiology: cryptogenic (Group Il-a, n=54) and those with possible causative fac- 
tors (Group II -b, n=46). Patients in Group II were younger, were more likely to be wom- 
en, and were less likely to smoke and to have diabetes mellitus than were patients in 
Group I. The levels of cardiac enzymes, LDL-cholesterol levels, and the apo-B/Al ratio 
were lower in Group II. However, 1-month and 12-month rates of major adverse cardiac 
events (MACE) were not significantly different between the two groups. The Group Il-b 
subgroup comprised 29 patients with vasospasm, 11 with myocardial bridge, and 6 with 
spontaneous thrombolysis. Left ventricular ejection fraction and creatinine clearance 
were lower and levels of N-terminal pro-brain natriuretic peptide (NT-proBNP) and 
high-sensitivity C-reactive protein (hs-CRP) were higher in Group Il-a than in Group 
Il-b. However, outcomes including MACE and mortality at 12 months were not sig- 
nificantly different between the two subgroups. The 1-year outcomes of patients in 
Group II were similar to those of patients in Group I. The clinical outcomes in Group 
Il-a were also similar to those of Group II -b, although the former group showed higher 
levels of NT-proBNP and hs-CRP. 
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INTRODUCTION 

Acute myocardial infarction (AMI) typically results from 
critical coronary occlusive diseases or a total coronary oc- 
clusion after acute plaque rupture. 1 Myocardial infarction 
with angiographically near-normal coronary arteries 
(MINC) is a multifactorial syndrome for which the exact 
cause often remains undetermined in individual 
patients. 2 " 4 Disparate etiologic factors have been in- 
criminated in MINC, i.e., transient occlusion of the in- 
farct-related artery owing to platelet hyperactivity and 



thrombosis (hypercoagulability), 5 " 7 coronary artery spa- 
sm, 8 coronary embolism, 9 ' 10 and coronary abnormalities 
such as myocardial bridges, coronary ectasia, or coronary 
dissection. 11 

Whereas the overall prevalence rate of MINC ranges 
from 1% to 12% depending on the definition, 12 its prognosis 
may vary according to the underlying causes and its 
definition. The majority of previous studies have shown 
that the prognosis of MINC is better than that of significant 
coronary stenosis (MICAS). 13 " 17 However, a recent study 
showed similar prognosis between patients with MINC 
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and those with one- or two-vessel diseased MICAS. 
Moreover, MINC patients have a substantial risk of sub- 
sequent coronary events within the first year. 19 The pres- 
ent study was aimed to examine the clinical characteristics 
and outcomes of MINC patients compared with those of 
MICAS patients. 

MATERIALS AND METHODS 

1. Data collection 

The study protocol was approved by the ethics committee 
of the Chonnam National University Hospital. Patients 
(n=l,220) admitted with AMI including both ST-elevation 
myocardial infarction (STEMI) and non-STEMI to 
Chonnam National University Hospital from January 
2006 to December 2008 were retrospectively analyzed. The 
following criteria had to be met for inclusion in the study: 
1) satisfied the criteria for AMI as described in the defi- 
nition section, 2) no prior history of significant coronary ar- 
tery stenosis as determined by coronary angiography, and 
3) cardiac catheterization and coronary angiography per- 
formed during admission. Patients who underwent pri- 
mary thrombolysis were excluded from the study. Patients 
were classified into two groups according to the presence 
or absence of significant coronary artery stenosis as fol- 
lows: Group I (^50% diameter stenosis, n=l,120) and 
Group II (<50%, n=100). Clinical characteristics and 
1-month and 12-month major adverse cardiac events 
(MACE) were reviewed. Patient records were assiduously 
searched for information on possible etiologic factors, in- 
cluding coronary spasm, myocardial bridge, and sponta- 
neous thrombolysis. Group II was then subdivided into two 
according to the presence or absence of possible underlying 
etiology as evidenced by angiography: Group Il-a 
(cryptogenic) and Group Il-b (associated with possible 
causative factors such as vasospasm, myocardial bridge, or 
spontaneous thrombolysis). 

The patient characteristics reviewed included their 
medical history (diabetes mellitus, hypertension, smok- 
ing, dyslipidemia, prior AMI, prior angina, prior coronary 
artery bypass graft, prior percutaneous coronary inter- 
vention, and family history), presentation characteristics 
[systolic blood pressure (SBP) and heart rate] , diagnostic 
electrocardiography (ECG) (ST-segment elevation or de- 
pression, Q-wave, T-wave change, and new onset left bun- 
dle branch block), laboratory findings [glucose, creatinine 
clearance, cardiac enzymes, serum cholesterol, high-sensi- 
tivity C-reactive protein (hs-CRP), and N-terminal pro- 
brain natriuretic peptide (NT-proBNP)] , and echocardio- 
graphy findings [left ventricle ejection fraction (LVEF) 
< 45%] , and medications at hospital discharge. Blood sam- 
ples were drawn during admission with overnight fasting 
for fasting blood sugar and blood lipid measurements. 
Clinical, angiographic, and in-hospital outcome data were 
retrospectively collected by a nurse or research coor- 
dinator. Follow-up and outcome data were retrieved from 
the hospital database and by telephoning the patients or 



their next of kin with respect to adverse cardiac events, 
such as death, angina, reinfarction, and heart failure 
symptoms. 

2. Definitions 

The diagnosis of myocardial infarction was primarily 
based on the detection of a rise or fall in cardiac biomarkers 
(preferably troponin) with at least one value above the 99 th 
percentile of the upper reference limit together with evi- 
dence of myocardial ischemia with at least one of the follow- 
ing: symptoms of ischemia, ECG changes indicative of new 
ischemia (new ST-T changes or new left bundle branch 
block, development of pathologic Q wave). 20 Coronary 
stenosis was considered significant if it exceeded 50% in 
one of the three main epicardial vessels or the left coronary 
artery. Patients without significant stenosis (Group II) 
were subgrouped into two; those not having possible etiol- 
ogy of AMI (cryptogenic, Group Il-a) and those having pos- 
sible etiology (Group Il-b). The etiologies identified by an- 
giography were coronary spasm, spontaneous thrombol- 
ysis, and myocardial bridge. Coronary spasm was defined 
if the result of a ergonovine test was positive or if general- 
ized spastic vessel was relieved by intracoronary nitro- 
glycerin injection; spontaneous thrombolysis was defined 
if a thrombotic process had already been resolved when 
catheterization was being done and thus only remnant 
thrombi were detected on coronary angiography; and my- 
ocardial bridge was defined as coronary stenosis more than 
50% in the systolic period. Hypertension was diagnosed if 
the patient had a history of hypertension with ongoing 
treatment or the admission blood pressure was equal to or 
greater than 140/90 mmHg; diabetes was diagnosed if fast- 
ing serum glucose was greater than 126 mg/dl or diabetes 
medication was actively utilized. MACE included death 
and reinfarction. 

3. Coronary angiography 

Conventional coronary angiography was performed in a 
standard manner. Standard multiple projections were re- 
corded for the left and right coronary arteries. Following 
the insertion of the arterial sheath, heparin was ad- 
ministered at the beginning of the procedure. All patients 
were treated with 300 mg aspirin and were loaded with 300 
or 600 mg clopidogrel before coronary angiography, unless 
contraindicated. Percutaneous coronary intervention was 
performed by a standard technique through the femoral ap- 
proach in most cases. Use of stents and adjunctive devices 
was determined on the basis of individual physician 
assessments. 

4. Statistical analysis 

Statistical analysis was performed by using SPSS soft- 
ware, version 17.0. Continuous variables were reported as 
the mean value±standard deviation (SD) and were com- 
pared by using the Mann -Whitney U test or the Student's 
t test. Categorical variables were compared by using the 
chi -square test or Fisher's exact test. A multivariate logis- 
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tic regression analysis was performed to evaluate pre- 
dictors for 1-year MACE in combined Group I and Group 
II patients. Subgroup analysis in Group II was performed 
to evaluate differences in risk factors and incidence of 
MACE according to the underlying etiology (Group Il-a vs. 
II -b). Odds ratios (ORs) and 95% confidence intervals (CIs) 
were calculated. Kaplan-Meier analysis was used to create 
freedom-from-event survival curves for MACE, and the 
log-rank test was used for their comparison. A p value < 0.05 
was considered statistically significant. 

RESULTS 

After screening the angiographic data for the 1220 pa- 
tients presenting with AMI, a total of 100 consecutive pa- 
tients (59 men and 41 women) fulfilled the angiographic cri- 
teria and were included in the final analysis of Group II. 
Group I comprised 1120 consecutive patients with AMI re- 
sulting from CAD who were identified during the same 
time period. Of 1120 patients in Group II, 662 (59.1%) re- 
ceived percutaneous coronary intervention, 444 (39.6%) 
received medical treatment, and 19 (1.6%) underwent coro- 
nary artery bypass grafting as the main treatment strategy 
within 1 year. 

1. Clinical characteristics and laboratory findings 

The clinical characteristics are described in Table 1. Group 
II was younger than Group I (58.5±14.2 vs. 63.4±12.2 years, 
p=0.001) and included more females (41.0% vs. 28.9%, 
p=0.008). Group II patients had a lower prevalence of car- 
diovascular disease risk factors (diabetes mellitus, p 
< 0.001; history of smoking, p=0.005), except for a higher 
prevalence of a family history of cardiovascular disease. 
Although a trend toward a lower prevalence of hyper- 
lipidemia was apparent in Group II patients, the difference 



TABLE 1. Baseline clinical characteristics in acute myocardial in- 
farction patients with (Group I) or without (Group II) significant 
coronary artery stenosis on an angiogram 





Group I 
(n=l,120) 


Group II 
(n=100) 


p value 


Age (yrs) 


63.4±12.2 


58.5±14.2 


0.001 


Female gender (%) 


312 (28) 


41 (41) 


0.008 


SBP (mm Hg) 


131.3±31.1 


129.0±32.8 


0.494 


HR (beats/min) 


75.1±19.5 


80.4±20.5 


0.014 


LVEF (%) 


54.8±12.3 


56.0±13.7 


0.400 


Risk factors 








Hypertension 


527 (47) 


41 (41) 


0.290 


Diabetes mellitus 


323 (29) 


10 (10) 


< 0.000 


Smoking 


711 (64) 


49 (49) 


0.006 


Hyperlipidemia 


55 (4.9) 


1 (1.0) 


0.123 


Family history 
BMI (kg/m 2 ) 


57 (5.1) 


12 (12.0) 


0.008 


24.1±3.1 


24.0±3.0 


0.668 



Values are presented as number (%) or mean±SD. SBP: systolic 
blood pressure, HR: heart rate, LVEF: left ventricular ejection 
fraction, BMI: body mass index. 



was not statistically significant. The two groups did not dif- 
fer significantly with respect to SBP, LVEF, prevalence of 
hypertension, or body mass index. 

The laboratory findings are described in Table 2. Group 
II had a higher creatinine clearance rate and lower mean 
creatine kinase, cardiac enzymes [muscle brain isoenzyme 
of creatine kinase (CK-MB) and troponin I], low density lip- 
oprotein (LDL)-cholesterol, and apo-B/Al ratio than did 
Group I. Blood glucose, total and high-density lipoprotein 
(HDL)-cholesterol, hs-CRP, NT-proBNP, and Lp (a) levels 
did not differ significantly between the groups. 

2. Etiologic factors related to AMI in Group II 

Of the 100 patients (Group II screened), 46 patients 
(Group Il-b) had secondary etiologic factors. A coronary 
spasm was documented in 29 (29%), myocardial bridge in 
11 (11%), and spontaneous thrombolysis in 6 (6%), whereas 
etiologic factors were not found in the remaining 54 pa- 
tients (Group Il-a). On the other hand, of the 54 patients 
in Group Il-a, stress-induced cardiomyopathy was noted in 
15 and myocarditis in 8. LVEF (53.3±13.8 vs. 59.2±13.0%, 
p=0.014) and creatinine clearance (71.3±33.0 vs. 89.4±32.6 
ml/min, p=0.009) were lower, and the levels of NT-proBNP 
(4,804±7,658 vs. 1,417±3,314 pg/ml, p=0.008) and hs-CRP 
(3.5±6.8 vs. 0.9±1.3 mg/dl, p=0.023) were higher, in Group 
Il-a than in Group Il-b (Tables 3, 4). 

3. Etiologic factors tended to elevate cardiac biomarkers 
without ischemic injury in Group II 

Of 100 patients, 7 (7%) had anemia (Hgb < 8 mg/dl), 2 
(2%) had severe aortic stenosis, and 3 (3%) had chronic kid- 



TABLE 2. Laboratory findings in acute myocardial infarction pa- 
tients with (Group I) or without (Group II) significant coronary ar- 
tery stenosis on an angiogram 





Group I 
(n=l,120) 


Group II 
(n=100) 


p value 


Glucose (mg/dl) 


176.0±84.5 


161.4±87.1 


0.111 


Creatinine clearance 


70.9±37.6 


79.5±33.8 


0.021 


(ml/min) 








Creatine kinase (U/L) 


1,630±1,900 


784±1,289 


< 0.000 


CK-MB (U/L) 


101.8±118.6 


38.5±53.6 


< 0.000 


Troponin I (ng/dL) 


62.2±107.7 


16.6±50.3 


< 0.000 


Total cholesterol (mg/dl) 181.9±41.3 


167.1±41.5 


0.081 


HDL cholesterol (mg/dl) 


47.2±20.2 


49.9±16.9 


0.149 


LDL cholesterol (mg/dl) 119.1±36.9 


102.7±33.5 


< 0.000 


hs-CRP (mg/dl) 


2.3±3.5 


2.2±5.1 


0.872 


NT-proBNP (pg/ml) 


2,664±5758 


3,201±6,215 


0.423 


Apo-B/Al 


0.80±0.25 


0.71±0.25 


0.002 


Lp (a) (mg/dl) 


30.6±27.3 


24.4±20.3 


0.560 



Values are presented as number or mean±SD. CK-MB: muscle 
brain isoenzyme of creatine kinase, HDL cholesterol: high-density 
lipoprotein cholesterol, LDL cholesterol: low-density lipoprotein 
cholesterol, hs-CRP: high-sensitivity C-reactive protein, NT- 
proBNP: N-terminal pro-brain natriuretic peptide, Apo-B/Al: the 
ratio of apolipoprotein-B to -Al, Lp (a): lipoprotein (a). 
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TABLE 3. Baseline clinical characteristics in acute myocardial in- 
farction patients without significant coronary stenosis and with- 
out (Group Il-a) or with (Group Il-b) possible etiologies 



Group Il-a GroupII-b 
(n=54) (n=46) P 



Age (yrs) 60.7±15.0 


5.9±12.8 


0.089 


Male gender (%) 67.4 


51.9 


0.170 


SBP (mm Hg) 131.1±32.9 126.5±32.8 


0.494 


LVEF (%) 53.3±13.8 


59.2±13.0 


0.014 


Risk factors 






HTN 19 (35.2) 


22 (47.8) 


0.281 


DM 7 (13.0) 


3 (6.5) 


0.462 


Smoking 22 (40.7) 


27 (58.7) 


0.112 


Hyperlipidemia 1 (1.9) 


0(0) 


1.000 


Family history 5 (9.3) 


7 (15.2) 


0.545 


Values are presented as number (%) or mean±SD. SBP: systolic 


blood pressure, LVEF: left ventricular ejection fraction, HTN: hy- 


pertension, DM: diabetes mellitus. 






TABLE 4. Laboratory findings in acute myocardial infarction pa- 


tients without significant stenosis on a coronary angiogram and 


with (Group Il-b) or without (Group II-, 


a) possible etiology 


Group Il-a 


GroupII-b 


p value 


(n=54) 


(n=46) 


Glucose (mg/dl) 168.9±95.6 


152.6±76.1 


0.344 


Creatinine clearance 71.3±33.0 


89.4±32.5 


0.009 


(ml/min) 






Creatine kinase (U/L) 830±1,476 


731±1,042 


0.696 


CK-MB (U/L) 37.9±61.5 


39.1±43.2 


0.910 


Troponin I (ng/ml) 16.1±33.2 


17.1±26.6 


0.860 


Total cholesterol (mg/dl) 163.5±44.3 


171.1±38.2 


0.813 


HDL cholesterol (mg/dl) 49.0±16.8 


50.9±17.2 


0.585 


LDL cholesterol (mg/dl) 99.5±35.7 


106.1±30.8 


0.349 


hs-CRP (mg/dl) 3.5±6.8 


0.87±1.2 


0.023 


NT-proBNP (pg/ml) 4,804±7,658 


1,417±3,314 


0.008 


Apo-B/Al 0.71±0.2 


0.69±0.2 


0.780 


Lp (a) (mg/dl) 27.9±25.3 


20.6±12.2 


0.120 



Values are presented as mean±SD. CK-MB: muscle brain iso- 
enzyme of creatine kinase, HDL cholesterol: high-density lip- 
oprotein cholesterol, LDL cholesterol: low-density lipoprotein cho- 
lesterol, hs-CRP: high-sensitivity C-reactive protein, NT-proBNP: 
N-terminal pro-brain natriuretic peptide, Apo-B/Al: the ratio of 
apolipoprotein-B to -Al, Lp (a): lipoprotein (a). 

ney disease (creatinine clearance < 30 ml/min). A thyroid 
function test was done in 25 patients and showed sub- 
clinical hypothyroidism in 6 and euthyroidism, although 
hyperthyroidism was diagnosed before the onset of AMI, 
in 1. 

4. Medications at hospital discharge 

Medications at discharge are presented in Table 5. A 
greater proportion of Group I patients than group II pa- 
tients were prescribed antiplatelet medications such as as- 
pirin or clopidogrel, beta-blockers, ACE inhibitors, and sta- 



TABLE 5. Medications at hospital discharge in acute myocardial 
infarction patients with (Group I) or without (Group II) significant 
coronary artery stenosis on an angiogram 





Group I 
(n=120) 


Group II 
(n=100) 


p value 


Aspirin 


52 (93.9) 


73 (73.0) 


< 0.001 


Clopidogrel 


1,031(92.1) 


24 (24.0) 


< 0.001 


Beta-blocker 


904 (80.7) 


25 (25.0) 


< 0.001 


Calcium channel blocker 


71 (6.3) 


48 (48.0) 


< 0.001 


Diuretics 


215 (19.2) 


24 (24) 


0.239 


ACE inhibitors 


831 (74.2) 


41 (41.0) 


< 0.001 


Statin 


835 (74.6) 


52 (52.0) 


<0.001 



Values are presented as number (%). ACE inhibitors: angio- 
tensin-converting enzyme inhibitors. 



TABLE 6. Adjusted odds ratios for discharge medications of 1-year 
major adverse cardiac events in all patients of both groups 





aOR 


95% CI 


p value 


No prior aspirin 


7.099 


(3.446-14.623) 


< 0.001 


No prior clopidogrel 


0.670 


(0.353-1.271) 


0.220 


No prior beta-blocker 


1.233 


(0.829-1.835) 


0.301 


No prior calcium channel 


2.113 


(1.233-3.622) 


0.006 


blocker 








No prior diuretics 


0.703 


(0.497-0.995) 


0.047 


No prior ACE inhibitors 


2.009 


(1.444-2.795) 


< 0.001 


No prior statin 


1.394 


(0.997-1.950) 


0.052 



aOR: adjusted odds ratio, CI: confidence interval, ACE inhibitors: 
angiotensin-converting enzyme inhibitors. 



tin at discharge; a greater proportion of group II patients 
were prescribed calcium channel blockers. Among dis- 
charge medications, aspirin, calcium channel blockers, 
and ACE inhibitors were associated with 1-year MACE 
(Table 6). 

5. Major adverse cardiac events and all-cause mortality 

LVEF (<40%), creatinine clearance (<60 ml/min), 
hs-CRP ( > 2 mg/dl), NT-proBNP ( > 500 pg/ml), and medi- 
cations (ACEi or ARB) were associated with 1-year MACE 
in the combined Group I and Group II (Table 7). Clinical 
outcomes at 1 month and 12 months after the onset of AMI 
in Group I and Group II are presented in Table 8 and Fig. 
1. The 1-year follow up rate was 99.7%. The cumulative 
MACE rate was 5.0% at 1 month and 9% at 12 months in 
Group II. The MACE rate did not differ significantly be- 
tween Groups I and II. Outcomes including mortality and 
12-month MACE were also similar between Group Il-a and 
Group Il-b (Table 9). Kaplan-Meier death and myocardial 
infarction-free survival curves up to 1 year revealed a sim- 
ilar survival rate in the two groups (96.0 vs. 97.4%, p > 0.05) 
(Fig. 1). 
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TABLE 7. Multivariable risk factors of 1-year major adverse car- 
diac events in all acute myocardial infarction patients both with 
and without significant coronary artery stenosis (n= 1,220) 



Multivariable predictors 



OR 



95% CI 



p value 



Elderly ( > 65 years) 


1 
1 


ouo 


A 
U 




o 
Z 




A 
U 


A H7 


Male gender 


0 


942 


0 


472 


l 


883 


0 


867 


CVD 


2 


032 


0 


951 


4 


339 


0 


067 


Complications (shock, VT) 


2 


089 


1 


230 


3 


549 


0 


006 


LVEF(<40%) 


2 


286 


1 


374 


3 


803 


<0 


001 


Glucose (< 200 mg/dl) 


0 


673 


0 


373 


1 


213 


0 


188 


Creatinine clearance 


2 


599 


1 


410 


4 


790 


0 


002 


(<60 ml/min) 


















hs-CRP(>2 mg/dl) 


1 


825 


1 


124 


2 


964 


0 


015 


NT-proBNP ( > 500 pg/ml) 


2 


295 


1 


186 


4 


444 


0 


014 


Medication (cilostazol) 


0 


708 


0 


425 


1 


181 


0 


186 


Medication (p-blocker) 


0 


943 


0 


513 


1 


735 


0 


851 


Medication (ACEi or ARB) 


0 


422 


0 


231 


0 


770 


0 


005 


Injection (LMWH) 


1 


184 


0 


721 


1 


945 


0 


505 



OR: odds ratio, CI: confidence interval, CVD: coronary vascular dis- 
ease, VT: ventricular tachycardia, LVEF: left ventricular ejection 
fraction, hs-CRP: high-sensitivity C-reactive protein, NT-proBNP: 
N-terminal pro-brain natriuretic peptide, ACEi: angiotensin-con- 
verting enzyme inhibitor, ARB: angiotensin II receptor blocker, 
LMWH: low molecular weight heparin. 



TABLE 8. Major adverse cardiac events (MACE) at 1 month and 
12 months in all patients with acute myocardial infarction with 
(Group I) or without (Group II) significant coronary stenosis 





Group I 
(n=l,120) 


Group II 
(n=100) 


p value 


One-month 








MACE 


91(8.5) 


5 (5.0) 


0.345 


Cardiac death 


74 (6.6) 


4 (4.0) 


0.427 


Noncardiac death 


9 (0.8) 


1 d.O) 


1.000 


Reinfarction 


8 (0.7) 


0 (0.0) 


0.844 


12-months 








MACE 


126 (11.3) 


9 (9.0) 


0.503 


Cardiac death 


94 (8.4) 


4 (4.0) 


0.179 


Noncardiac death 


27 (2.4) 


3 (3.0) 


0.971 


Reinfarction 


5 (0.4) 


2 (2.0) 


0.198 



Values are presented as number (%). 



DISCUSSION 



The present study demonstrated that the prevalence of 
MINC, defined as a cutoff stenosis limit of 50%, was approx- 
imately 8.2% in patients who underwent coronary angiog- 
raphy for indication of AMI. This finding is consistent with 
prevalences ranging from 1% to 12% of AMI patients, de- 
pending on the definition of normal coronary arteries used, 
i.e., "without any endoluminal irregularity" or "no sig- 
nificant stenosis (<50% stenosis)," in previous investi- 
gations. 12 ' 17 In addition, our study showed that the out- 



1.00 



I 0.95 

IS 

in 

ID 
CD 

t 0.90 



0) 

Q 



0.85 



p=0.096 



Group I 
Group II 



100 



200 

Follow up days 



300 



400 



FlG. 1. Kaplan-Meir plots of cumulative death or myocardial in- 
farction-free survival for patients with acute myocardial in- 
farction with (Group I, n=l,120) or without (Group II, n=100) sig- 
nificant coronary stenosis. There was a trend for a lower incidence 
of death or myocardial infarction in Group II than in Group I dur- 
ing 1 year of clinical follow-up (p=0.096). 



TABLE 9. Major adverse cardiac events (MACE) at 1 month and 
12 months in acute myocardial infarction patients without sig- 
nificant coronary stenosis and with (Group Il-b) or without (Group 
Il-a) possible etiologies 





Group Il-a 
(n =54) 


Group Il-b 
(n=46) 


p value 


One-month 








MACE 


4 (7.4) 


1 (2.2) 


0.217 


Cardiac death 


3 (5.6) 


1 (2.2) 


0.744 


Noncardiac death 


1 (1.9) 


0 (0.0) 


1.000 


Reinfarction 


0 (0.0) 


0 (0.0) 


1.000 


12-months 








MACE 


6(11.1) 


3 (6.7) 


0.678 


Cardiac death 


3 (5.6) 


1 (2.2) 


0.744 


Noncardiac death 


2 (3.7) 


1 (2.2) 


1.000 


Reinfarction 


1 (1.9) 


1 (2.2) 


1.000 



Values are presented as number (%). 



comes of the patients in Group II were similar to those of 
Group I patients during the 1-year follow-up, although the 
patients in the former group were younger, were less likely 
to have cardiovascular disease risk factors, and had lower 
cardiac enzymes. Groups Il-a and Il-b also showed a sim- 
ilar 1-year outcome, although the former had a higher level 
of NT-proBNP and hs-CRP and a lower LVEF than did the 
latter. 

Most previous studies have demonstrated that MINC 
patients have lower cardiovascular disease risk profiles 
and cardiac enzymes than do MICAS patients, 12 ' 21 " 24 
whereas others did not find a difference. 25 We also found 
that Group II patients were less likely to have car- 
diovascular disease risk profiles (i.e., diabetes mellitus, 
smoking, and LDL-cholesterol levels), except for family 
history, were more likely to be women, and had lower tropo- 
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nin I and CK-MB levels than did the Group I patients. 
However, AMI patients with near-normal coronary angio- 
grams in our study tended to be older (mean age 58.5±14.2 
years) than were those with near-normal coronary arteries 

12 21 24 

in previous studies, ' ' in which age ranged from 42 to 
47 years. 

Several potential etiologies or mechanisms underlying 
the occurrence of AMI in patients with near-normal coro- 
nary angiograms have been proposed, including concealed 
atherosclerosis, coronary spasm, 8 thrombosis and hyper- 
coagulability, 5 " 7 embolisation, 9 ' 10 and inflammation, 4 al- 
though the eventual etiology remains uncertain in the ma- 
jority of patients. To determine whether the clinical charac- 
teristics and prognosis differed according to the underlying 
mechanisms, in the present study, we further classified the 
MINC cohort into 2 subgroups according to their causative 
pathology: Group Il-a (cryptogenic) and Group Il-b (with 
possible etiologies). Our data showed that the possible 
causative factors in Group II patients were coronary spasm 
(29%), myocardial bridge (11%), and spontaneous throm- 
bolysis (6%), whereas the causative factors were uncertain 
in 54% of cases (Group Il-a). 

We also found that the clinical outcomes of Groups Il-a 
were similar to those of Group Il-b; however, serum hs-CRP 
levels were significantly higher in the former group than 
in the latter. There is currently abundant evidence linking 
inflammation with cardiovascular diseases. 26 ' 27 hs-CRP is 
a maker of inflammation that predicts cardiovascular 
events among healthy individuals. 28 In addition, a pre- 
vious study demonstrated that MINC patients, as com- 
pared with MICAS patients, had more frequent febrile in- 
fections, mainly of the upper airways, within 2 weeks be- 
fore AMI, and had a higher seroprevalence of antibodies for 
Helicobacter pylori, Chlamydia pneumonia, and cytome- 
galovirus, compatible with an inflammatory component of 
AMI. 29 Moreover, 8 (14.8%) of 54 patients in Group Il-a had 
myocarditis in the present study. Therefore, our finding of 
increased hs-CRP levels in Group Il-a support the previous 
notion that inflammation may play a role in the patho- 
genesis of MINC or at least in part contributes to its patho- 
genesis, although the prevalence of infections was not eval- 
uated in the present study. 

NT-proBNP levels were also higher in the Group ITa 
subgroup. NT-pro-BNP, a cleavage remnant of BNP, is syn- 
thesized and secreted by the ventricular myocardium in re- 
sponse to increases in volume or pressure and is known as 
a predictor of heart failure. 30 It has a longer half life than 
BNP and is renally cleared, thus making it susceptible to 
significant changes based on alterations in renal function. 
The increased NT-proBNP level in Group Il-a may have 
been attributed to a reduced left ventricular function, as 
evidenced by the reduced LVEF, or to decreased renal 
clearance, as evidenced by the reduced creatinine clear- 
ance rate. Indeed, in the present study, 15 (27.8%) of 54 pa- 
tients in Group Il-a had stress-induced cardiomyopathy, 
which is reported to be associated with marked and persis- 
tent elevation of NT-proBNP/BNP levels. 31 



Although there is general agreement that cardiovas- 
cular risk and cardiac enzymes are lower in AMI patients 
with near-normal angiographic findings, the prognosis of 
these patients is the subject of some debate. 19 Kang et al. 18 
studied 3,056 patients, of whom 126 (4.4%) had near-nor- 
mal coronary arteries, and observed a MACE rate includ- 
ing death and reinfarction of 7.8% during 1 year of follow-up 
in MINC patients vs. 12.2% in comparators with one- or 
two-vessel disease (p=0.359). Similarly, Group II patients 
in our study experienced a MACE rate of approximately 
9.0% compared with 11.3% in Group I patients (p=0.503) 
in the first year. Cardiac deaths in 4 patients (4.0%) and 
noncardiac deaths in 3 patients (3.0%) were the most fre- 
quent events in Group II during this follow-up period. 
These findings indicate that AMI patients with near-nor- 
mal coronary angiograms experience a significant adverse 
cardiac event rate and show an overall outcome that is sim- 
ilar to that of MICAS patients within 1 year. However, it 
has been reported that different degrees of coronary in- 
volvement among patients with MINC (a culprit lesion 
causing < 50% angiographic luminal narrowing) show dif- 
ferent prognoses, with very few ischemic events in those 
having strictly normal vessels at long-term follow-up. 23 ' 24 
Indeed, the prevalence of MINC has fallen to about 1% with 
advanced diagnostic technologies such as intravascular so- 
nography, multislice computed tomography, and magnetic 
resonance imaging, and consequently these patients are 
associated with excellent prognosis. 15 ' 32 Therefore, it is 
likely that the prognosis of MINC patients may differ de- 
pending on the definition of MINC with different diag- 
nostic procedures, and those with an absolutely normal cor- 
onary artery have a better long-term prognosis than do pa- 
tients with obstructive coronary artery disease. Neverthe- 
less, the combined morbidity and mortality are not negli- 
gible, and thus close follow-up and strict secondary pre- 
vention measures, including smoking cessation and pre- 
vention of dyslipidemia and diabetes, may be needed in this 
subset of patients. 

The present study had several limitations. First, the da- 
ta in the present study were retrospectively analyzed in a 
single center. Angiographic data were harvested from re- 
ports available in the cardiac catheterization laboratory 
database and were largely based on operator description 
are subject to interobserver descriptive variability. Follow- 
up data were gleaned from electronic records and in part 
were obtained by telephone; the accompanying limitations 
in terms of reliability and accuracy are acknowledged. 
However, this uncommon condition does not lend itself to 
randomization and thus charts and angiograms were 
reviewed. Second, patients in Group I (> 50% stenosis) 
were not further stratified in the present study on the basis 
of the severity of CAD or the number of vessels involved. 
Long-term clinical outcomes may differ with different 
stratification in MICAS and even in MINC. 15 ' 26 Third, the 
time intervals between the onset of chest symptoms and 
percutaneous coronary intervention were not the same, 
and the use of thrombolytic therapy before the angiography 
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was not evaluated. The longer the time interval, the more 
frequently a thrombotic occlusion would have been re- 
solved before catheterization was done, thus resulting in 
a shift from the MICAS to the MINC group. Fourth, the pro- 
vocative ergonovine test was not performed in all patients, 
and the lack of structured workup for hypercoagulable 
states also limited the ability to systematically analyze the 
data for etiological factors in Group II. Finally, the small 
number of patients in Group II and the relatively short du- 
ration of follow-up (12 months) might have precluded our 
ability to detect differences between the groups. Further 
studies involving a larger number of patients and long- 
term outcome are needed. 

In conclusion, the present study demonstrated that AMI 
patients with near-normal coronary arteries by angiog- 
raphy have clinical outcomes and prognosis similar to those 
of AMI patients with occlusive CAD. In addition, 1-year out- 
comes appear to be similar between MINC patients without 
and with possible etiologic factors such as coronary spasm, 
myocardial bridges, and transient thrombosis. 
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